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Summary: Anchovy is a commercial species that supports large fisheries in the Mediterranean Sea. In addition, anchovy is 
an essential element of the pelagic food web, playing a considerable role in connecting the lower and upper trophic levels. 
Comparisons made regarding length frequency distribution, demographic structure, growth during the first year inferred 
from otoliths, and the condition factor of anchovy inhabiting the Spanish Mediterranean Sea (General Fisheries Commission 
for the Mediterranean management units, GSA06-Ebro Delta and 01-Alboran Sea), based on five-year data, clearly showed 
significant growth differences between areas and evidenced the existence of two independent anchovy stocks in the Spanish 
Mediterranean Sea. The anchovies inhabiting the Alboran Sea had higher growth than the anchovies inhabiting the Ebro 
Delta for the same age (one year old). The dramatic decline of the Alboran Sea anchovy could be related to the current man-
agement legislation in the Spanish Mediterranean Sea, based mainly on a common minimum catch size (9 cm), which should 
be revised given that sustainable anchovy exploitation is crucial for the pelagic food web equilibrium.
Keywords: anchovy growth; length-frequency distribution; otolith first radius; anchovy stocks; condition factor; fisheries 
management; Spanish Mediterranean Sea. 
Otolitos de anchoa (Engraulis encrasicolus) revelan diferencias de crecimiento entre dos áreas del Mediterráneo 
español
Resumen: La anchoa es una especie de interés comercial sometida a gran explotación pesquera en el mar Mediterráneo. 
Asimismo, esta especie es un elemento esencial de la cadena trófica pelágica dado que actúa como nexo entre los niveles más 
altos y más bajos de ésta. En este trabajo se han llevado a cabo comparaciones, basadas en un conjunto de datos de 5 años, 
entre las distribuciones de frecuencias de tallas; la estructura demográfica; el crecimiento durante el primer año, inferido em-
pleando otolitos y el factor de condición de individuos de anchoa recogidos en el Mediterráneo español (unidades de gestión 
de la General Fisheries Commission for the Mediterranean, GSA06-Delta del Ebro y GSA01-Mar de Alborán), mostrando 
diferencias significativas entre áreas y evidenciando la existencia de dos stocks de anchoa independientes en el Mediterráneo 
español. Las anchoas procedentes del mar de Alborán presentaron un mayor crecimiento que aquellas procedentes del Delta 
de Ebro para la misma edad (1 año). La dramática disminución de la población de anchoa del mar de Alborán podría estar 
relacionada con la aplicación de una única legislación para todo el Mediterráneo español basada, principalmente, en una mis-
ma talla de primera captura (9 cm), que debería ser revisada puesto que la explotación sostenible de la anchoa es de crucial 
importancia para el equilibrio de la cadena trófica pelágica.
Palabras clave: crecimiento de anchoa; distribución de frecuencias de tallas; primer radio del otolito; stocks de anchoa; fac-
tor de condición; gestión de pesquerías; mar Mediterráneo español.
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INTRODUCTION
Small pelagics such as anchovy support large fish-
eries in the Mediterranean Sea (Lleonart and Maynou 
2003). Like other small pelagic species, the anchovy 
has a short life span, with high rates of natural mortal-
ity and fecundity in which recruitment plays a major 
role in setting year-to-year changes in the level of the 
stock (Fréon et al. 2005). Areas of high productivity 
generally influence the location of the spawning sites 
and spawning intensity, giving it a seasonal character. 
Sexual maturity occurs during the first year and only 
one or two cohorts significantly contribute to the fish-
ery (Fréon et al. 2005). In the Spanish Mediterranean, 
anchovy spawning takes place from April to October, 
with a peak in June-July (Giráldez and Abad 1995, 
Palomera 1992). 
Due to its high economic value, anchovy is the main 
target species of the purse seine fleet in the Spanish 
Mediterranean Sea, which covers two areas, GSA06 
(northern Spain) and GSA01 (northern Alboran Sea), 
of the 30 stocks management areas established by the 
General Fisheries Commission for the Mediterranean 
(GFCM 2007). In the period 1990-2014, anchovy 
catches were highly variable, with an average of 12000 
t in GSA06 and an average of 891 t in GSA01. Where-
as in GSA06 the anchovy catches are spread through-
out the area (from the French border until the Cape of 
Palos), in GSA01 they are mainly located in the Bay 
of Málaga, the only area where anchovy is fished 
throughout the year (CFCM 2015).
Fishery-independent data provided by scientific 
surveys play an important role in the assessment and 
management of fish populations (Pennington and 
Stromme 1998). Research surveys are used to calibrate 
stock assessment models based on commercial catches 
(i.e. fishery-dependent data) and to provide empirical, 
independent population checks. (Kline 1996, Penning-
ton and Stromme 1998). In order to determinate the 
anchovy spawning stock biomass, the small pelagic 
species assessment survey (MEDIAS) is carried out 
every summer by the countries within the European 
Union using acoustic methods. The assessment survey 
takes place during the anchovy spawning peak when 
mixing between putative stocks is minimal (Cadrin et 
al. 2014), so the MEDIAS survey period is optimal for 
discriminating between anchovy stocks.
Various methods of stock discrimination in marine 
fishes have been widely used, especially spawning ar-
eas and seasons, abundance and distribution patterns, 
length-frequency distribution differences (Guerra-Si-
erra and Sánchez-Lizaso 1998), tagging and migration 
studies, parasites, serology (Cadrin et al. 2014), bio-
chemical-genetic differences (Zarraonaindia et al. 2012, 
Viñas et al. 2013) and otolith morphometric parameters 
(Cendrero and Abaunza 2001, Carvalho and Castel-
lo 2013, Jansen et al. 2013). Otolith length is an ideal 
measurement for determining anchovy length, because 
a quasi-perfect linear relationship exists between them 
(Zengіn et al. 2015). Moreover, the length of the an-
chovy otolith first radius (R1) can be understood as an 
indicator of first-year growth (Hernández et al. 2013).
Otoliths, also called ear-bones, are part of the fish 
auditory system (Ladich and Schulz-Mirbach 2016). 
They are made mostly of calcium carbonate (Panfili et 
al. 2002), and as the fish grows, so does the otolith, by 
deposition of concentric layers of material according 
to a daily rhythm (Pannella 1971). Seasonal changes in 
the fish growth rate are reflected in the otolith. A year’s 
growth consists of a wider summer zone, reflecting a 
faster growth rate related to higher food availability, 
and a narrower winter zone, reflecting a slower growth 
rate (Panfili et al. 2002). Therefore, due to their special 
characteristics, otoliths can be a useful tool for age de-
termination (Rodriguez Mendoza 2006). Knowledge of 
the population age structure of an exploited fish species 
is the key to understanding its basic population biology 
and is a necessary prerequisite for providing effective 
advice to fisheries managers (Cadrin et al. 2014). 
During the MEDIAS survey (2012-2016), larger an-
chovy individuals were always collected from GSA01 
(Alboran Sea). Initially, it was thought that older an-
chovies inhabited this area, but the interpretation of the 
annual rings in otoliths gave the same age structure in 
both areas (GSA01 and GSA06). The main question to 
be resolved was: Are the observed differences in ancho-
vy growth pattern due to the fact that the GSA01 and 
GSA06 subareas hold different anchovy stocks?
Taking the Spanish part of the Alboran Sea and the 
Ebro Delta as reference sites of GSA01 and GSA06 
respectively, as they are the most productive areas of 
each GSA (Bellido et al. 2008), the hypothesis of the 
existence of different anchovy stocks along the Span-
ish Mediterranean Sea has been tested. 
In order to test the null hypothesis: “anchovy in-
habiting the Spanish Mediterranean constitute a single 
stock” different and complementary methodologies 
have been applied to the MEDIAS survey time series 
data (2012-2016): differences in length, based on the 
length frequency distribution; differences in growth, 
based on otolith reading and otolith morphometric pa-
rameters; and differences in the condition factor, based 
on the length-weigh relationship parameters. 
The separation of stocks is of primary importance 
for the sustainable management of the fisheries and has 
important ecological consequences. The findings high-
lighted in this paper have great economic and ecologi-
cal relevance because the management of the anchovy 
population in the Mediterranean Sea as two different 
stocks with different fishing regulations will reduce the 
pressure on GSA01 anchovies and will in the future 
achieve the recovery of the population. 
MATERIALS AND METHODS 
Study area and fish sampling
Samples were obtained from the western part of the 
Mediterranean Sea at two locations along the Span-
ish continental shelf: the Ebro Delta and the Alboran 
Sea (Fig. 1). The samples collected in the Ebro Delta 
area were considered as representative of the GSA06 
(northern Spain) geographical subarea (GFCM 2007). 
Samples collected in the Spanish part of the Alboran 
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Sea and the Gulf of Vera were considered as represent-
ative of the GSA01 (northern Alboran Sea) geographi-
cal subarea (GFCM 2007).
Sampling was carried out during the 2012, 2013, 
2014, 2015 and 2016 MEDIAS Spanish surveys. These 
monitoring surveys take place every year in June-July 
coinciding with the anchovy spawning peak, when the 
whole anchovy spawning population come together 
in order to maximize their reproductive success. For 
this reason, the samples obtained in both GSAs are 
expected to be representative of the whole population 
without bias (Table 1).
The sampling strategy adopted on the MEDIAS 
survey involves using a parallel transects design that 
covers the continental shelf from a depth of 30 to 200 
m. Transects are spaced according to the continental 
shelf width, four nautical miles (nm) in GSA01, where 
the continental shelf is very narrow (5 nm or less), 
and eight nm in GSA06, where the continental shelf is 
wider (20 nm or more). Acoustic data were recorded 
every nm using a calibrated EK60 (SIMRAD) scien-
tific echosounder working with five split-beam trans-
ducers at 18, 38, 70, 120 and 200 kHz frequencies, with 
a constant vessel speed of 10 knots (nm/h). Anchovy 
echotraces (fish schools) which were detected on the 
echogram were identified by “ground-truth” informa-
tion (McClatchie et al. 2000) obtained by pelagic trawl 
net samples targeted at the echotraces (Simmonds et 
al. 1992).
Length-frequency distribution and biological 
samples
For each sampling event, a standard protocol was 
used: total catch was separated by species and anchovy 
individuals were randomly selected and measured to the 
nearest 0.5 cm in order to obtain the length-frequency 
distribution (LFD). A subsample of five individuals 
were selected for each 0.5-cm length group for biologi-
cal analysis, from which anchovy total length (TL, to 
the nearest 1 mm), total wet weight (W, to the nearest 
1 g), sex and maturity stage (based on macroscopic ob-
servation of the gonads) were determined (ICES 2008). 
Finally, the sagitta otoliths were removed. 
Age determination
The age of the anchovy was determined from the 
annual rings on the anchovy otoliths. The sagitta 
otoliths (1137 pairs; Table 1) were removed using 
the ‘open-the-hatch method’ described by Secor et 
al. (1992). After drying and cleaning, otoliths were 
placed on black plastic plates and mounted on trans-
parent non-plastic resin. Otolith pairs were positioned 
with the sulcus facing downwards and were examined 
under a binocular stereoscope; the magnification used 
was between 20 and 40× depending on the otolith 
size (ICES 2009, Villamor et al. 2014). The ancho-
vies were aged following the standards established 
for this species in ICES (ICES 2009), with the date 
of birth taken arbitrarily as 1 July. For each otolith, 
the number of true hyaline rings (excluding the edge), 
edge type, assigned age and readability (0, good; 1, 
medium; 2, difficult), as well as false rings (checks), 
were recorded. Typical checks occur before and af-
ter the formation of the first winter ring in anchovy 
of ages 0 and 1 (Hernández et al. 2013, ICES 2013, 
Uriarte et al. 2016). The otoliths were read twice by 
the same reader (firstly, without knowing the length 
and, secondly, taking into account all the biological 
variables sampled, such as length, sex and maturity). 
A set of 250 otoliths was used to validate the readings 
by a second expert reader. Otolith reading was con-
sidered accurate as the degree of agreement between 
readers was 87%.
Fig. 1. – Study area. The Spanish Mediterranean Sea zoomed show-
ing the sampling stations. General Fisheries Commission for the 
Mediterranean management units (GSAs) are included: in black 
the studied GSAs (GSA06, northern Spain, and GSA01, northern 
Alboran Sea) and in grey the adjacent GSAs (GSA07, Gulf of Lions, 
and GSA03, southern Alboran Sea). The white lines represent the 
isobaths between 100 and 200 m, the deepest one being the conti-
nental shelf limit. 
Table 1. – Periods of survey, sample locations (GSA06/GSA01), anchovy individuals measured to the nearest 0.5 cm, otolith pairs extracted 
and read and otolith R1 measured.
Individuals measured Otolith pairs extracted Otolith R1 measured
Survey acronym Date GSA06 GSA01 GSA06 GSA01 GSA06 GSA01
MEDIAS 2012 13 June-12 July 565 361 82 60 74 60
MEDIAS 2013 29 June-31 July 490 112 41 49 31 49
MEDIAS 2014 20 June-22 July 655 220 168 64 138 64
MEDIAS 2015 23 June-25 July 780 642 130 146 110 114
MEDIAS 2016 24 June26 July 830 782 188 209 141 193
Total by GSA 3320 2117 609 528 494 480
Total 5437 1137 974
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First year growth estimation (R1)
In order to test the hypothesis of different an-
chovy growth rates between GSAs, the first year 
anchovy growth was estimated by measuring the 
first annual ring radius (R1) on otolith digitized 
photographs (Fig. 2). R1 was defined as the distance 
in microns between the core (the initial complex 
structure of an otolith) and the inner edge of the first 
hyaline ring. R1 was measured across the widest part 
of the otolith, along the same axis used to estimate 
the age of the fish (Fig. 2). A total of 974 otoliths 
pairs corresponding to 1- or 2-year-old anchovy 
(Table 1) were digitized using an image analysis 
system consisting of a calibrated high-resolution 
MOTIC camera (Moticam 5) connected to an optical 
microscope (Leica EZ4). The digitized image was 
then analysed using image analysis software (Motic 
Images Plus 2.0).
Condition factor 
In order to investigate whether the specific envi-
ronmental characteristics of each GSA influence the 
relative robustness or degree of well-being of anchovy 
individuals, the anomaly in weight of a given length 
was determined by means of a condition factor index. 
As anchovy exhibited an allometric growth pattern for 
the five years studied (Table 3), the relative condition 
factor index Kn (Le Cren 1951) was used as a proxy of 
individual fish condition (Green 2001, Froese 2006). 
Indeed, using Kn as the index to calculate the condition 
factor, the potential effect of length is avoided as well 
as allowing for cross-population comparisons. The Kn 
index is computed as: 
Kn=W/Wr
where W is the weight of an individual and Wr is 
the theoretical weight of an individual of a given TL 
(in mm). This theoretical weight was estimated by a 
length-weight relationship (Wr=a TLb), employing the 
geometric mean of the regression parameters “a” and 
“b” across the 5437 individual measured (from 2012 
to 2016), as Froese (2006) recommended for popula-
tion comparison. Immediately afterwards, the condi-
tion factor was computed by sex separately and GSA 
(GSA01 and GSA06). In addition, the length-weight 
regression parameters were calculated by year, GSA 
and sex. Finally the sex ratio (males/females) was com-
puted for every year.
Statistical analyses
The differences in length observed during the sam-
pling routine in the Spanish Mediterranean Sea were 
tested applying the Kolmogorov-Smirnov test to the 
GSA LFD data by year. 
R1 measures were tested for normality (Shapiro 
test) and homogeneity of variance (Levene test). As 
the normality and homogeneity of variance hypoth-
eses could not be assumed, the possible intra- (same 
GSA) and inter-area (GSA06 and GSA01) differences 
between years were checked using non-parametric 
statistical techniques, a Kruskal-Wallis test followed 
by the Tukey and Kramer (Nemenyi) post hoc test, 
in order to find out which pairwise combinations of 
samples were significantly different. The major trends 
in R1 were analysed by means of a non-metric mul-
tidimensional scaling (nMDS) and a cluster analysis. 
Similarity matrices were constructed based on Bray-
Curtis similarity with the square-root-transformed 
biometric variables: length, weight and R1. nMDS 
assigns a non-dimensional location to each group and 
Fig. 2. – Typical morphology of anchovy otolith pairs found in GSA06 (Delta Ebro) and GSA01 (Alboran Sea), indicating the first hyaline 
ring and how the otolith first radio (R1) was measured.  
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calculates the distance between groups. A non-di-
mensional plot is based on those distances, reflecting 
the similarities between groups, so similar groups are 
plotted closer to each other and dissimilar groups are 
further apart. Statistical tests were carried out using R 
version 3.2.2 (R Development Core Team 2015) and 
similarity analysis using PRIMER version 6 (Clarke 
and Gorley 2006). 
The length-weight regression coefficients were 
compared between males and females by GSA using an 
ANOVA test to check whether significant differences 
occurred between sexes. In addition, the comparison 
between GSAs by sexes and for the whole population 
(ANOVA) was carried out to detect any inter-area 
differences.
RESULTS
Length-frequency distribution
A total of 5437 anchovy were measured to the 
nearest 0.5 cm (Table 1), Figure 3 shows the graphical 
representation of anchovy LFD by year for each man-
agement area, in black GSA06 and in white GSA01. 
For every year and GSA, anchovy length distribution 
was unimodal; the modal value (the value that appears 
most in the dataset) was 11.0 cm for all the years in 
GSA06 and 14.0 cm for 2012, 16.0 cm for 2013, 14.0 
cm for 2014, 14.0 cm for 2015 and 15.0 cm for 2016 in 
GSA01. Although there was a certain degree of over-
lap, anchovies caught in GSA06 had a smaller modal 
and mean length than anchovies caught in GSA01. 
The differences observed in the graphical representa-
tion were confirmed using a Kolmogorov-Smirnov test 
(Fig. 3). Kolmogorov-Smirnov test results revealed 
firstly that the null hypothesis “anchovies collected 
in GSA01 had a greater length than those collected in 
GSA06 (GSA01>GSA06)” was fulfilled for every year 
(p<0.001 in any case), and secondly that the maximum 
difference between the two probability distributions 
(Dmax) was recorded in 2013 (Dmax=0.95), indicat-
ing that the overlap between distributions was mini-
mal, while the maximum overlap was recorded in 2015 
(Dmax=0.46).
Age determination
A total of 1137 otolith were read (Table 1) and the 
age frequency distribution by year and GSA is shown 
in Figure 4. The age determination process revealed 
that most of the anchovies belonged to age-1, regard-
less of the GSA. In GSA06 (Fig. 4, in black) the age 
structure was similar for all five years. It was based on 
three annual classes (0, 1 and 2 years), the one-year-
old individuals being the most abundant ones (more 
than 75% of individuals). In GSA01 (Fig. 4, in white), 
for the years 2012, 2013 and 2014 only one-year-old 
anchovy were found, whereas for the years 2015 and 
2016 recruits (age 0) and two-year-old anchovies were 
present in the area, although to a lesser degree (5-10% 
of individuals). Although anchovy in GSA01 exhib-
ited a greater length than in GSA06 (Fig. 3) the age 
structure was found to be similar, based on only three 
annual classes, or fewer in the case of GSA01 (Fig. 4).
First year growth estimation (R1)
A total of 974 otoliths were analysed (Table 1). 
The first annual ring radius (R1) was measured in 
every otolith as an indicator of the anchovy growth 
rate during the first year. All the one- or two-year-old 
anchovy are represented in the R1 samples since they 
have developed the first hyaline radius. R1 density 
functions for each GSA and for the total dataset (Fig. 
5) were tested for normality and homogeneity of vari-
ance. The normality assumption, carried out using the 
Shapiro test, could not be assumed either for the total 
data (p<0.001) or for any of the GSAs (pGSA06<0.001 
Fig. 3. – Anchovy length (to the nearest 0.5 cm) frequency distribu-
tion in percentage of individuals for each GSA and year; in black 
GSA06 data and in white GSA01 data. The figure also shows the 
results of the Kolmogorov-Smirnov (K-S) test used to compare 
anchovy length distributions between GSAs: GSA01>GSA06 
represent the null hypothesis “anchovies collected in GSA01 had 
a greater length than those collected in GSA06”, the maximum dif-
ference between the two probability distributions (Dmax) and the 
p-value.  
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and pGSA01<0.001). As a result of the Levene test, the 
hypothesis of homogeneity of variances could not 
be accepted for the total (F=12.14; df=9: p<0.001), 
for GSA06 (F=21.15; df=4; p<0.001) or for GSA01 
(F=4.47; df=4; p<0.001). 
The differences observed in the graphical repre-
sentation of the R1 frequency distribution between 
GSAs by year (Fig. 6) were confirmed by the results 
of the non-parametric Kruskal-Wallis test (chi-
squared=985.85, df=871, p<0.05), so the medians were 
not equal in GSA01 and GSA06. 
The pairwise comparisons using a Tukey and 
Kramer (Nemenyi) post hoc test with Tukey distance 
approximation for independent samples (Table 2) re-
vealed that for all possible combinations between years 
and GSAs, the differences in R1 between GSA01 and 
Fig. 4. – Anchovy age distribution (percentage) by year group (years) for the time series in GSA06 on the left side (in black) and GSA01 on 
the right side (in white). 
Table 2. – Tukey and Kramer (Nemenyi) post hoc test results.
2012 GSA01 2012 GSA06 2013 GSA01 2013 GSA06 2014 GSA01 2014 GSA06 2015 GSA01 2015 GSA06 2016 GSA01
2012 GSA06 1.50E-13 - - - - - - - -
2013 GSA01 0.9986 9.7E-14 - - - - - - -
2013 GSA06 3.5E-05 0.9049 2.6E-06 - - - - - -
2014 GSA01 2.9E-06 <2.0E-16 0.0007 9.0E-14 - - - - -
2014 GSA06 6.5E-08 0.0367 2.6E-09 0.9988 <2.0E-16 - - -
2015 GSA01 1 9.3E-14 1 4.3E-07 3.60E-07 2.3E-13 - - -
2015 GSA06 6.6E-14 1 1.0E-13 0.767 <2.0E-16 0.0025 <2.0E-16 - -
2016 GSA01 0.0627 <2.0E-16 0.6372 1.7E-13 0.0162 <2.0E-16 0.0285 <2.0E-16 -
2016 GSA06 9.8E-14 1 7.5E-14 0.7638 <2.0E-16 0.0011 <2.0E-16 1 <2.0E-16
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GSA06 were statistically significant (p<0.001; Table 
2). The null hypothesis could not be accepted, so an-
chovies in GSA06 and GSA01 came from different 
anchovy stocks. Moreover, inter-annual differences 
were found within the same GSA: for GSA01 the pair 
of years 2012-2014, 2013-2014, 2014-2015, 2014-
2016 and 2015-2016 were significantly different and 
for GSA06 the pair of years 2012-2014, 2014-2015 and 
2014-2016 were also significantly different (p<0.05; 
Table 2).
Most of the patterns observed in the non-parametric 
analysis (Table 2) were validated by the nMDS (Fig. 
7A) and cluster analysis (Fig. 7B) using the length, 
weight and R1. GSA06 and GSA01 data appeared to be 
separated by a significant distance in the nMDS plot, 
indicating two well-defined stocks. 
Condition factor
The length-weight relationship computed for all the 
data pooled based on a five-year dataset including more 
than 5000 individuals (Table 1) was characterized by a 
= 0.0035 and b = 3.21 (R2>0.95, p<0.001). The coeffi-
cients “a” and “b” obtained from the regression analy-
sis for each GSA by sexes for every year studied are 
given in Table 3, as is the sex-ratio. The variation in the 
allometric parameter “b” suggests inter-annual changes 
in the population’s mean weight within the two GSAs, 
with the highest weight values in 2012 in GSA01 and 
in 2013 in GSA06. The parameter “b” was greater than 
3 (positive allometric) in most of the cases, indicating 
that anchovy growth is greater in weight than in length 
in both GSAs. At 0.05 significance level, the ANOVA 
test showed no significant differences between sexes 
for the same GSA. In GSA01, the differences in “a” 
(F=0.026; df=4; p<0.05) and “b” (F=0.068; df=4; 
p<0.05) between males and females were not sig-
nificant. In GSA06 the same result was obtained: the 
differences in “a” (F=0.042; df=4; p<0.05) and “b” 
(F=0.079; df=4; p<0.05) between males and females 
were not significant. In both cases the null hypothesis 
of equality was accepted. The opposite result was ob-
tained when males and females from different GSAs 
were compared, but only for the “b” regression param-
Fig. 5. – First otolith radio (R1) density functions, including the number of measured individual (N), both total and by GSA. 
Fig. 6. – Box plot showing the first otolith radius (R1) length (mm) distribution per year and GSA. The mid-point of the data (median) is shown 
by the line that divides the box into two parts; the middle “box”, limited by the first quartile (Q1) and the third quartile (Q3), represents the 
interquartile range (IQR), and the upper and lower whiskers represent the Q1-1.5*IQR and the Q3-1.5*IQR respectively. 
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eter. In the case of males, F was 5.725 (df=4; p<0.05), 
in the case of females, F was 8.721 (df=4; p<0.05) and 
for the total population, F was 6.292 (df=4; p<0.05). 
Therefore, the increment in weight relative to length 
was more pronounced in GSA01 than in GSA06 for 
both males and females. 
The condition factor index (Kn) remained prac-
tically constant from 2012 to 2016 in both areas for 
males and females (Fig. 8), although in all cases the 
Kn showed a higher value in GSA01 than in GSA06. 
For the same GSA the Kn values reached by males 
were almost equal to the values reached by females, 
except in GSA01 in 2012, where females showed a 
higher Kn than males. The healthier state of anchovy in 
GSA01 than in GSA06 was reflected in the population 
demographic structure (Fig. 3), as well as in the condi-
tion factor index (Fig. 8) which was always greater in 
GSA01. 
DISCUSSION
Research surveys constitute the main fisheries-
independent data source and contribute to the assess-
ment and management of fish populations (Pennington 
and Stromme 1998). This study is based on data col-
lected during the MEDIAS survey, which is of added 
value given that (1) the data lack spatial bias because 
the whole anchovy distribution area is covered and not 
only the fishing grounds; (2) catches are not restricted 
by depth or mesh size, so the entire population length 
range is sampled; (3) fisheries acoustics is a direct 
method based on “ground-truth” information, through 
which all the anchovy echotraces are identified (Mc-
Clatchie et al. 2000); and (4) the survey period coin-
cides with the anchovy spawning peak (Giráldez and 
Abad 1995, Palomera 1992) and with the maximum 
anchovy abundance (Palomera and Sabatés 1990), so it 
is optimal for stock discrimination (Cadrin et al. 2014).
The results of the current study point to the existence 
of two separate anchovy stocks in the Spanish Mediter-
ranean Sea (GSA06 and GSA01), based on their differ-
ent growth rates. Similar results have been reported in 
genetic studies (Sanz et al. 2008, Zarraonaindia et al. 
2012, Viñas et al. 2013) and in studies on larval growth 
(Quintanilla et al. 2015). Moreover, similar differences 
in growth by area have also been observed for sardine 
(Sardina pilchardus) in the Spanish Mediterranean Sea 
(Alemany and Álvarez 1993).
LFDs exhibited clear differences between GSA06 
and GSA01, GSA01 anchovy being larger than GSA06 
anchovy. But, contrary to what could be expected, 
GSA01 anchovy were not older than GSA06 anchovy. 
This was the first evidence that these anchovy might 
not belong to the same population. The anchovy de-
mographic structure found in the whole Spanish Medi-
terranean Sea was based chiefly on two year classes 
(anchovy of 0 and 1 year old), given that two-year-old 
anchovy were very scarce in GSA06 and almost ab-
sent in GSA01. Our results are in agreement with the 
fisheries-dependent data collected throughout the year 
Table 3. – Time series values of the regression coefficients (“a” and 
“b”) of the length-weight relationships by GSA, year and sex, and 
the sex ratio (males/females) by year.
GSA Sex Regression 
coefficients 2012 2013 2014 2015 2016
GSA01 Males a 0.002 0.008 0.002 0.004 0.005
b 3.385 3.159 3.597 3.423 3.112
Females a 0.002 0.004 0.002 0.004 0.008
b 3.501 3.285 3.463 3.398 3.268
Total a 0.001 0.003 0.002 0.005 0.007
b 3.614 3.290 3.477 3.268 3.196
Sex-ratio 0.7 1.1 1.3 1.1 0.7
GSA06 Males a 0.004 0.003 0.004 0.005 0.003
b 3.183 3.177 3.177 3.069 3.262
Females a 0.003 0.003 0.004 0.004 0.003
b 3.206 3.207 3.161 3.165 3.339
Total a 0.004 0.003 0.004 0.006 0.004
b 3.196 3.285 3.158 2.996 3.126
Sex-ratio 1.0 0.9 1.5 0.9 1.0
Fig. 7. – A, nMDS results and B, cluster analysis output depict-
ing the linkage dendrogram (Bray-Curtis similarity) computed on 
length, weight and R1 for the five years and GSAs (stress: 0.02). 
The superimposed ellipses in A represent the two different groups 
detected, which correspond to the GSA06 and GSA01 anchovy 
stocks. The two main branches in B split the GSA01 and GSA06 
data, indicating two different anchovy groups. 
Fig. 8. – Time series of the annual anchovy body condition by sexes. 
The dotted line represents GSA01 and the continuous line represents 
GSA06. Males are symbolized by diamonds and females by circles.
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(GFCM 2014, 2015), which confirm the MEDIAS sur-
vey data as an excellent benchmark. Moreover, a simi-
lar anchovy demographic structure for the same time 
period was found in the adjacent GSAs, GSA07, Gulf 
of Lions (Van Beveren et al. 2014) and GSA03, south-
ern Alboran Sea (Bacha et al. 2010, 2014, Jemaa et al. 
2015). Other studies carried out in earlier years in the 
Mediterranean Sea reported a life expectancy of 3 to 4 
years (Basilone et al. 2004, Van Beveren et al. 2014) 
and 5 years in the Bay of Biscay (Uriarte et al. 1996), 
but all concluded that only a minor fraction belongs to 
these oldest age classes.
Small pelagic fish are essential elements of marine 
ecosystems due to their significant biomass at inter-
mediate levels of the food web, playing a considerable 
role in connecting the lower and upper trophic levels 
(Cury et al. 2000). Anchovy plays an important part 
in the pelagic food web in the Spanish Mediterranean 
for primary producers and consumers as they constitute 
their prey (Costalago et al. 2012), as well as for higher 
trophic levels, such as anchovy predators (Cardona 
et al. 2015). Therefore, fluctuations in small pelagic 
populations due to fishing or natural factors modify 
ecosystem structure and functioning and have a major 
impact on the whole ecosystem (Cury et al. 2000).
In the Mediterranean Sea the anchovy exploitation 
rate has been steadily increasing since 1990, with the 
consequence that the demographic structure of the 
stocks has shrunk (Vasilakopoulos et al. 2014) and 
the anchovy life span has decreased (GFCM 2014). In 
fact, anchovy life expectancy has gone down in the last 
few decades in the Spanish Mediterranean Sea. During 
studies carried out in the 1980s four-year-old anchovy 
were commonly found (Pertierra 1987, Morales-Nin 
and Pertierra 1990), whereas now, using the same age-
ing criteria, adopting 1 July as the arbitrary birth dates, 
the oldest age found is two years old.
Interpreting the otolith’s annual rings in order to age 
the anchovy is often a difficult task, especially given the 
presence of false rings and the difficulty of determining 
the edge type (ICES 2009, 2013). In the Spanish Medi-
terranean Sea two obvious distinctive otolith structures 
that matched the two study areas were observed during 
the reading process. In general, GSA01 otoliths were 
harder, with the anterior and posterior margin sharper, 
and showed less structural variability than the GSA06 
otoliths, perhaps due to fewer cohorts contributing to 
the population in GSA01. In both areas otoliths showed 
a homogeneous, white, well-defined nucleus, being 
greater and more opaque in GSA01. GSA06 otoliths 
usually showed a small hyaline round area in the centre 
associated with the juvenile period, while in GSA01 
this area was uncommon. This homogeneous nucleus 
was surrounded by a clear and continuous hyaline ring 
that corresponded to the first hyaline ring. The larger 
opaque centre observed in GSA01 otoliths was due to 
a higher anchovy growth rate during the first year, as 
confirmed by the R1 measures. This fact was the de-
finitive proof of the existence of two anchovy stocks in 
the Spanish Mediterranean Sea, as was later corrobo-
rated by the results of the cluster analysis. The study 
of the degree of well-being of the anchovy population 
based on the condition factor index (Kn) proposed by 
Le Cren (1951) revealed that anchovy individuals in 
GSA01 were not only larger in length, but also had a 
greater weight for a given length than the anchovy in 
GSA06. Both the Ebro Delta (GSA06) and the Alboran 
Sea (GSA01) are essential habitats for anchovy due to 
their productive conditions (Bellido et al. 2008). How-
ever, the enrichment process differs: in the Alboran 
Sea nutrient enrichment comes mainly from coastal 
upwelling (Agostini and Bakun 2002, Mercado et al. 
2013), whereas in the Ebro Delta area it comes via the 
transport of nutrients from the Gulf of Lions and the 
turbulent mixture occurs as a result of the discharge of 
nutrient-rich fresh water coming from the Ebro River 
(Salat 1996, Agostini and Bakun 2002). The Atlantic 
water enters the Mediterranean through the Strait of 
Gibraltar. The inflow of the Atlantic water is first di-
rected northeastward due to the orientation of the Strait 
of Gibraltar, and then generally describes a clockwise 
gyre in the east of the Alboran Sea between Spain and 
Morocco. This surface flow then spreads to the African 
coast, mainly due to the effect of the Coriolis force 
(El-Geziry and Bryden 2010). The surface circula-
tion in northern Spain (GSA06) is dominated by two 
well-defined, density-driven currents. In the northern 
part, a frontal jet flows southwestward along the slope 
(Castellón et al. 1990). In the south, off the Gulf of 
Valencia, part of the flow continues its path southward 
along the Spanish coast. Another branch bifurcates and 
recirculates cyclonically to feed the return Balearic 
Current along the northern Balearic Island shelf (Pinot 
et al. 2002). 
Though both areas are productive (Bellido et al. 
2008), the chlorophyll and primary production values 
in the Alboran Sea are higher than those in the Delta 
zone (Siokou-Frangou et al. 2010, Lazzari et al. 2012, 
Salgado and Lorenzo 2014). By contrast, the surface 
temperature is lower in Alboran Sea than in the Ebro 
Delta area, although the main trend in both areas is an 
increasing temperature (Shaltout and Omstedt 2014) 
. Therefore, it can be deduced that the environmental 
variables are more favourable for anchovy in GSA01. 
Indeed, anchovy belonging to GSA01 show better con-
dition than those from other Mediterranean or Black 
Sea areas, possibly because of the influence of the At-
lantic Ocean (Brosset et al. 2017). 
Though the GSA management areas established 
by the GFCM were based on political and statistical 
considerations rather than on biological or economic 
factors (Lleonart and Maynou 2003), they are indeed 
appropriate for anchovy management purposes in the 
Spanish Mediterranean Sea, so GSA01 and GSA06 
should be maintained as individual areas for assess-
ment, as also happened with demersal stocks in GSA05 
(Balearic Islands) and GSA06 (Quetglas et al. 2012). 
The results obtained in this study not only have a 
great biological relevance in verifying the existence of 
different anchovy stocks in the Spanish Mediterranean, 
but can also have a direct application in the fields of 
conservation and management. Anchovy belonging to 
GSA01 had a greater length at the same age and were 
in better condition than anchovy belonging to GSA06, 
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but the unresolved question is: Why is the anchovy 
biomass per area in GSA01 lower than that in GSA06? 
(GFCM 2015). Perhaps this fact is related to the ap-
plication of the same regulation concerning minimum 
legal length, 9 cm (BOE 1995), for the whole Span-
ish Mediterranean, which could negatively affect the 
anchovy GSA01 population. This aspect is paramount, 
because anchovy is a key component of the pelagic 
ecosystem (Cury et al. 2000) and its conservation is 
crucial for the pelagic food web equilibrium. There-
fore, the decline of the anchovy population in the 
Alboran Sea could affect other species very negatively, 
destabilizing the food chain. Finally, the application of 
different legislation for these two zones is proposed, 
as other authors have also suggested (Pla et al. 1996, 
Lleonart and Maynou 2003, Viñas et al. 2013).
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